| Aim and hypotheses
The use of validated health care instruments simplifies measuring the effect of interventions and the interpretation thereof. We aimed to test validity and reliability of the modified Yale Preoperative Anxiety Scale-Short Form (mYPAS-SF) for measuring preoperative anxiety in children less than 2 years old.
A priori hypothesis was formulated considering the expected relation between the mYPAS-SF and the COMFORT-B. We hypothesized a moderate positive correlation of at least r > 0.60 between the mYPAS-SF and the COMFORT-B at the holding area, and of r > 0.65 at induction of anesthesia. Furthermore, we expected a responsiveness (the correlation of the change values between the holding area and induction of anesthesia) of at least r > 0.70.
| MATERIALS AND METHODS
The guidelines of the Consensus-based Standards for the Selection of health Measurement INstruments (COSMIN) were applied in this clinimetric study (www.cosmin.nl; accessed last on November 30, 2017). 11 The data were collected within the framework of a large prospective perioperative trial and the study protocol was approved by the local Medical Ethical Committee (MEC 2015-264) at Erasmus University Medical Center, The Netherlands. The study has been performed according to the Declaration of Helsinki. Written informed consent was sought from the children's parents or legal representatives.
| Participants
The study sample of the prospective perioperative trial consisted of 0-to 3-year-old infants admitted to the Erasmus MC-Sophia Children's Hospital in Rotterdam, the Netherlands, in the period September 2015-October 2016. Subjects had elective surgery for inguinal hernia, undescended testicles, or hypospadias, performed under general anesthesia with caudal block. Eligible for participation were infants 0-2 years old. Subjects for whom informed consent from parents or legal representatives was missing were excluded from the analysis.
| Instruments

| mYPAS-SF
The mYPAS-SF is an observational checklist 9 with four response categories, each consisting of four to six distinct behavioral descriptions (Data S1). Four categories of behavior are assessed: activity, vocalizations, emotional expressivity, and state of apparent arousal. Partial weights are used to calculate a total score ranging from 23 (low anxiety) to 100 (high anxiety). Previous research has shown good to excellent inter-and intra-observer reliability and validity. 6, 12 Previously translated Dutch versions of the mYPAS-SF were used in this study. 
| COMFORT-B scale
The COMFORT scale was originally designed to assess ventilated children's distress. 14 It has been shortened since, and the resulting observational COMFORT-B scale has shown good validity and reliability to score distress and postoperative pain in 0-to 3-year-old infants. [15] [16] [17] It consists of the six items alertness, calmness, muscle
What is already known
• The modified Yale Preoperative Anxiety Scale is appropriate to assess preoperative anxiety in children aged 2 years and above.
What this article adds
• This study supports validity and reliability of this scale to assess preoperative anxiety in infants as well.
tone, movement, facial tension, and crying (in spontaneous breathing children) or respiratory response (in ventilated children). Each item has five response categories, and the total score is calculated from counting the scores on individual items, ranging from 6 (calm) to 30 (distressed) (Data S2).
| Procedure
Parents of candidate subjects were invited to participate at preoperative consultation. At the day of surgery, the child's baseline characteristics and vital signs were recorded at the ward. The child was then accompanied by one parent and one investigator (ob- 
| Training for outcome assessment
An experienced colleague trained the outcome assessor for both COMFORT-B assessment and mYPAS-SF assessment, first from video footage and thereafter by live observations of infants at the ward and OR. The training was completed with 10 live assessments by both the experienced colleague and the assessor simultaneously.
Interobserver agreement was calculated with linear weighted Cohen's kappa; a κ ≥ 0.65 was considered sufficient to reliably perform outcome assessment. The kappa for the results of ten paired assessments for the COMFORT-B scale was 0.77, and that for the mYPAS-SF was 0.82, both reflecting sufficient inter-rater reliability.
| Anesthetic treatment
Induction and maintenance of anesthesia was standardized. At the ward, EMLA cream ® was applied at potential sites of injection (usually both hands). After arrival in the OR, the anesthetist decided on either intravenous or inhalational induction of anesthesia. Anesthesia was induced intravenously with propofol IV (2-4 mg/kg), or by inhalation of sevoflurane in a mixture of oxygen and air. After induction of anesthesia, a laryngeal mask was placed, and a caudal block with ropivacaine 0.2% was given. Anesthesia was maintained with sevoflurane (0.6-1.0 MAC) in a mixture of oxygen and air. Construct validity reflects the degree to which the scores of a measurement instrument are consistent to relational scores with other instruments. 18, 19 Responsiveness reflects the ability of an instrument to detect change over time, and reflects the validity of change in multiple scores. 18, 19 The correlation between mYPAS-SF and COMFORT-B scores reflected the level of construct validity. The inter-rater reliability on item level was then tested with linear weighted Cohen's kappa over simultaneously observed video recordings. Lastly, the intra-rater reliability for one observer was cal- Cutoff scores were used to identify the anxious versus nonanxious patient at both the holding area and at induction of anesthesia. A cutoff value of 17 on the COMFORT-B was found in previous research. 16 Receiving operating characteristic curves were used to determine cutoff values on the mYPAS-SF, with a cutoff value of ≥17 on the COMFORT-B scale interpreted as anxious (value 1) and KÜHLMANN ET AL.
| Statistical analysis
| 139 values below 17 as non-anxious (value 0). The mYPAS-SF value with the optimal combination of sensitivity and specificity was selected as cutoff score for preoperative anxiety.
Two-sided statistical significance was defined as P < 0.05.
| RESULTS
Behavior of 129 patients was assessed (see Figure 1 flowchart and Table 1 patient characteristics). Video footage was missing for four subjects at the holding area (in two cases due to technical problems and in two cases due to lack of video registration) and for two subjects during induction of anesthesia (in one case due to technical problems and in one case due to lack of video registration)). There was a male predominance (89.1%) and the median age was Table 2 . A statistically significant difference in anxiety and distress scores was found between infants <1 year of age and infants >1 year of age at the induction of anesthesia and at the change in scores between the holding area and induction of anesthesia. (0.71-0.87)), Reliability on item level showed moderate to good agreement on inter-rater reliability over n = 39 videos and good to excellent agreement on intra-rater reliability over n = 19 videos (see Table 3 ).
| Construct validity and responsiveness
| Cutoff scores
Separate cutoff scores were defined for results obtained in the holding area and at induction of anesthesia. A clinical cutoff score of 37
at the holding area presented with excellent sensitivity (0.91) and good specificity (0.89); a clinical cutoff score of 57 at induction of anesthesia presented with good sensitivity (0.92) and excellent specificity (0.95) ( Table 2 ).
| DISCUSSION
Our results confirm our hypotheses that the mYPAS-SF has sufficient validity and reliability to support the use of this scale for evaluating preoperative anxiety children less than 2 years old. The original One could argue whether the term distress would be more appropriate to describe feelings of preoperative anxiety in infants.
The concepts of psychological and behavioral distress have been defined to encompass all behaviors of negative affect and responses to aversive internal and external stimuli, associated with pain, anxiety, and fear. 14 As written in the introduction, distress is often used to indicate a combination of anxiety and pain. 8 As the preoperative situation is mostly not associated with pain, the term anxiety seems suitable for the use in infants as well.
Our results show good reliability at induction of anesthesia, and moderate to good reliability at the holding area. Previous validation studies have reported lower inter-rater reliability at the holding area as well. 4, 12, 23 The decreased reliability can in part be explained by the low variance in scores, as 75% of the infants had low scores on both the mYPAS-SF and the COMFORT-B scale at the holding area.
Several other possible reasons spring to mind. Behaviors at the holding area were sometimes difficult to assess because very young infants do not display behaviors such as talking, or were asleep (n = 13, 10.6%). As a next step to make the mYPAS-SF more suitable for infants, selected items could be deleted and new items added to more specifically cover behavioral aspects for this age group.
The difference in anxiety levels between infants <1 and ≥1 year of age also gives room for thought. Developmental age affects how children express their anxiety. Young children are less likely to experience separation anxiety than older children, and therefore may be more easily comforted by healthcare providers. 24 Even though all infants in our sample were accompanied by one parent during induction of anesthesia, still, the older infants in the sample experienced high levels of anxiety. The high percentages of anxious infants at the holding (25%) and at induction of anesthesia (65%), and the higher levels of anxiety in the older study population, indicate the need for development of anxiety-reducing interventions in the OR.
An additional aspect contributing to high levels of distress and anxiety in infants could be mandatory preoperative fasting. This cannot be explained to very young infants and their feelings of hunger could Cutoff values indicate the non-anxious versus anxious patient. A statistically significant difference was found in scores between infants <1 yr and ≥1 yr. *P-value indicates the statistical difference in mYPAS-SF scores between <1 year and ≥1 year of age. 
